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+ The Standard Model Higgs 
Boson
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Spin 0 
Charge 0
Mass ?

n Interaction of particles with 
Higgs field generate their 
masses

n Scalar boson associated with 
field: Higgs boson (H)

n 2012: discovery of the Higgs 
boson with mass ~125 GeV

à Knowledge of mH & 
assuming SM couplings fixes 
all predictions for interactions
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Large Hadron Collider:
pp collisions at √s=13 TeV

~1 in 109 collisions 
produce Higgs boson

Our Tools to Study Higgs Bosons 

12.04.2021
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ATLAS and CMS: multi-purpose detectors
LHC Run-2 operation generated large data sets à ~107 (SM) Higgs bosons

à SM Higgs physics transitioned to precision measurement era 
à Large amount of opportunities to search for beyond SM effects

Elisabeth Schopf, DIS2021



+ Higgs Production at LHC and 
Decay Channels

12.04.2021Elisabeth Schopf, DIS2021

4

bbWW

gg

ττ
cc

ZZ

H production cross sections in pb
0 1 2 3 4 5 10 20 30 40 50

ttH

ZH

VBF

WH

ggF

H decay channel 
branching ratios in %

q

q

W

W

H

q

q H

W,Z

H

t

t

other, e.g. 𝛾𝛾

Probed SM production channels: ggF, VBF, ZH, WH, ttH, tH
Probed SM decays: 𝛾𝛾, ZZ, WW, 𝜏𝜏, bb, 𝝁𝝁, Z/𝛾+𝛾, cc, meson+Z/𝛾, ee

Legend: observed, evidence, searching
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Higgs boson properties
- Self-coupling
- CP structure
- …

Precision measurements
- Mass
- Differential distributions
- …

BSM searches and interpretations
- Additional Higgs bosons
- Exotic Decays
- …

Higgs Boson Measurements

Full list of public ATLAS and CMS Higgs results: 
ATLAS Higgs results, CMS Higgs results

Measurements of coupling 
strengths of H to SM particles

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG


+ HàZZ* and Hà𝛾𝛾 Candidate 
Events
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2e2𝜇
mass = 121.9 GeV

link

CMS
Experiment

2𝛾
link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-025/
https://cds.cern.ch/record/2736135?ln=en


+ Higgs Mass Measurements
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HàZZ*à4e/4𝜇/2e2𝜇 and Hà𝛾𝛾:                                              
fully reconstructed final states with very good energy 

resolution and well modelled background

Elisabeth Schopf, DIS2021

ATLAS-CONF-2020-005

mH = 124.92± 0.19(stat.)+0.09
�0.06(syst.)GeV

<latexit sha1_base64="twAI5RhGzabi05KC6Z0heJ7QYMw="></latexit>

ATLAS HàZZ full Run-2:
CMS HàZZ+𝛾𝛾 Run-1 + 2016 data: mH = 125.38± 0.14GeV (±0.11GeV stat. only)

<latexit sha1_base64="p0bRrJgy+18XG9IeWl67KpLYbi8="></latexit>

HIG-19-004

…more details in D. Du’s talk on Tue.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
https://indico.bnl.gov/event/9726/contributions/46356/


+ Evidence for Hà𝝁𝝁 Decays
BR(Hà𝝁𝝁)=0.02% and large amount of background 

Measurement performed in all major H production channels  
à most sensitive for 2nd generation fermion couplings

12.04.2021Elisabeth Schopf, DIS2021
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µ = 1.19+0.40
�0.39(stat.)

+0.15
�0.14(syst.)

<latexit sha1_base64="00iJvup1DZuOvIrKmpLMmwt61yA="></latexit>

Observed significance: 3.0 𝝈CMS:

ATLAS: µ = 1.2± 0.6

<latexit sha1_base64="+t9ADkkQQM9InKKHMnNnzqEmcKw=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4Ckmpj41QdOOygn1AE8pkOmmHziRhZqKU2k9x40IRt36JO//GaZuFth64cDjnXu69J0w5U9p1v62V1bX1jc3CVnF7Z3dv3y4dNFWSSUIbJOGJbIdYUc5i2tBMc9pOJcUi5LQVDm+mfuuBSsWS+F6PUhoI3I9ZxAjWRuraJV9k6Ap5TgX5qUCuc961y67jzoCWiZeTMuSod+0vv5eQTNBYE46V6nhuqoMxlpoRTidFP1M0xWSI+7RjaIwFVcF4dvoEnRilh6JEmoo1mqm/J8ZYKDUSoekUWA/UojcV//M6mY4ugzGL00zTmMwXRRlHOkHTHFCPSUo0HxmCiWTmVkQGWGKiTVpFE4K3+PIyaVYcr+qc3VXLtes8jgIcwTGcggcXUINbqEMDCDzCM7zCm/VkvVjv1se8dcXKZw7hD6zPH7bWkbY=</latexit>

Observed significance: 2.0 𝝈
Phys. Lett. B 812 (2021) 135980

…more details in S.Hirose's talk on Tue.

https://link.springer.com/article/10.1007%2FJHEP01%282021%29148
https://www.sciencedirect.com/science/article/pii/S0370269320307838?via%3Dihub
https://indico.bnl.gov/event/9726/contributions/46355/


+ Evidence for Hàℓℓ𝛾 Decays
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ℓℓ = ee or 𝜇𝜇

Targets mℓℓ< 30 GeV (BR~10-5): dominated by 𝛾*à ℓℓ
complements HàZ𝛾 measurements (CMS, ATLAS)                                  

Overlapping showers in EM 
calorimeter for ee𝛾 signature           
à dedicated event reconstruction 
and categorisation algorithms

µ = 1.5± 0.5

<latexit sha1_base64="Z5YLCnDbsYewDRyigaZUqBLfH5o=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5BIi16EohePFewHNKFstpt26W4SdjdKqf0pXjwo4tVf4s1/47bNQVsfDDzem2FmXphyprTrfluFtfWNza3idmlnd2//wC4ftlSSSUKbJOGJ7IRYUc5i2tRMc9pJJcUi5LQdjm5mfvuBSsWS+F6PUxoIPIhZxAjWRurZZV9k6Ap5Tg35qUCuU+vZFddx50CrxMtJBXI0evaX309IJmisCcdKdT031cEES80Ip9OSnymaYjLCA9o1NMaCqmAyP32KTo3SR1EiTcUazdXfExMslBqL0HQKrIdq2ZuJ/3ndTEeXwYTFaaZpTBaLoowjnaBZDqjPJCWajw3BRDJzKyJDLDHRJq2SCcFbfnmVtM4dr+rU7qqV+nUeRxGO4QTOwIMLqMMtNKAJBB7hGV7hzXqyXqx362PRWrDymSP4A+vzB7n2kbg=</latexit>

Observed significance: 3.2 𝝈
arxiv:2103.10322

March 
2021

…more details in S.Hirose's talk on Tue.

https://arxiv.org/abs/1806.05996
https://arxiv.org/abs/2005.05382
https://arxiv.org/abs/2103.10322
https://indico.bnl.gov/event/9726/contributions/46355/


+ Hà𝜇𝜇𝛾 Candidate Event
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10

m𝜇𝜇=0.6 GeV
m𝜇𝜇𝛾 = 124.9 GeV

link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-43/


+ Differential Distributions
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HàZZ*à4e/4𝜇/2e2𝜇:                                         
Measurements of H kinematics probes higher order cross 
section corrections and potential beyond SM contributions   

Eur. Phys. J. C 80 (2020) 942Number of jets

arxiv:2103.04956

March 
2021

Start probing 2D differential: 
e.g. pT(H) vs. pT(jet)

differential distributions are also probed in the Hà 𝛾𝛾 (ATLAS) and HàWW channel (CMS)

H transverse momentum

…more details in D. Du’s talk on Tue.

https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20201015
https://arxiv.org/abs/2103.04956
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-002/index.html
https://indico.bnl.gov/event/9726/contributions/46356/


+ Simplified Template Cross 
Sections (STXS)

Quasi-differential cross section measurements            
H production phase space split into bins of H kinematics                                         

à 𝜎*BR templates parametrise expected SM signal yields per bin          
àReinterpretation within anomalous couplings, e.g. EFT, frameworks

Elisabeth Schopf, DIS2021
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Coupling modifiers
(ci=0 in SM) 

Dimension d 
operators

Dimension Scale of new physics 
(set to 1 TeV)

EFT 
parametrisation
and impact on 

STXS bin 𝜎*BR 

ATLAS-CONF-2020-053

ggF
STXS bins

ATLAS-CONF-2020-027

…more details in B. Ciungu’s talk on Tue.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
https://indico.bnl.gov/event/9726/contributions/46354/


+ STXS 
Combination 
and EFT 
Interpretation
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ATLAS-CONF-2020-053

…more details in B. Ciungu’s talk on Tue.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://indico.bnl.gov/event/9726/contributions/46354/
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…more details in B. Ciungu’s talk on Tue.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://indico.bnl.gov/event/9726/contributions/46354/
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Large BR (~20%) but final state can’t be fully reconstructed 
due to missing ET from 𝜈 in W decays

à Improved analysis techniques (e.g. DNNs): increasing precision 
and start probing VH

Elisabeth Schopf, DIS2021

March 

2021HàWW Measurements 
…more details in M. Lizzo’s talk on Tue.
…more details in D. Du’s talk on Tue.

ATLAS-CONF-2021-014

https://indico.bnl.gov/event/9726/contributions/46359/
https://indico.bnl.gov/event/9726/contributions/46356/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
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Large BR (~20%) but final state can’t be fully reconstructed 
due to missing ET from 𝜈 in W decays

à Improved analysis techniques (e.g. DNNs): increasing precision 
and start probing VH

Elisabeth Schopf, DIS2021

March 

2021HàWW Measurements 
…more details in M. Lizzo’s talk on Tue.
…more details in D. Du’s talk on Tue.

HIG-19-017

VH(WW)

VH(WW) significance: 4.9(2.7)𝜎 obs.(exp.)

ggF&VBF H(WW)

ATLAS-CONF-2021-014

https://indico.bnl.gov/event/9726/contributions/46359/
https://indico.bnl.gov/event/9726/contributions/46356/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-017/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/


+ Hà𝜏𝜏 Measurements
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Challenge: reconstruction of 𝜏 decays due to 𝜈 in final states 
and jets being mis-identified as 𝜏àhadrons decays

Run-2 data set enables STXS measurements in ggF and VBF

H
IG

-1
9-

01
0

…more details in V. Krisishnan’s talk on Tue.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/index.html
https://indico.bnl.gov/event/9726/contributions/46360/


+ Hà𝜏𝜏 Measurements
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Challenge: reconstruction of 𝜏 decays due to 𝜈 in final states 
and jets being mis-identified as 𝜏àhadrons decays

Run-2 data set enables STXS measurements in ggF and VBF

…more details in V. Krisishnan’s talk on Tue.

HIG-20-006

Hà𝜏𝜏 decays sensitive to CP structure of H
mixing angle 𝜙 between CP-even & CP-odd contributions
𝜙 = 4±36º at 95% CL

https://indico.bnl.gov/event/9726/contributions/46360/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html


+ Higgs Candidate Events in Final 
States with Jets

12.04.2021Elisabeth Schopf, DIS2021
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link

link

Hàbb candidate with high
transverse momentum

ttH(𝛾𝛾) candidate

Displaced vertices and 
track impact parameter 
information allows to 
identify b-jets

At high transverse momenta 
jets from H decays form one 
large jet with substructure

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-13/
https://cds.cern.ch/record/2714889


+ Hàbb Measurements

Elisabeth Schopf, DIS2021
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Highest SM BR (~60%) but massive amount of background 
events due to abundance of jet final states in pp-collisions    

VH(bb): largest sensitivity due to background suppression in 
Vàleptons channels

VBF H(bb)
arxiv:2011.08280

VBF H(bb) WH(bb) ZH(bb)
2.9 𝜎 4.0 𝜎 5.3 𝜎

Observed 
significances

VH(bb)

Background 
subtracted

…more details in S.Hirose's talk on Tue.

https://arxiv.org/abs/2011.08280
https://indico.bnl.gov/event/9726/contributions/46355/
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Highest SM BR (~60%) but massive amount of background 
events due to abundance of jet final states in pp-collisions    

VH(bb): largest sensitivity due to background suppression in 
Vàleptons channels

VH(bb) STXS

VBF H(bb)
arxiv:2011.08280

Eur. Phys. J. C 81 (2021) 178

Observed 
significances

VH(bb)

Background 
subtracted

…more details in S.Hirose's talk on Tue.

VBF H(bb) WH(bb) ZH(bb)
2.9 𝜎 4.0 𝜎 5.3 𝜎

https://arxiv.org/abs/2011.08280
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-08677-2
https://indico.bnl.gov/event/9726/contributions/46355/


+ Hàbb at High pT
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Unique opportunity to probe extreme pT due to large BR
inclusive Hàbb JHEP 12 (2020) 085

March 

2021

ATLAS-CONF-2021-010

Boosted VH(bb)

Probe up to TeV scale in 
fully hadronic inclusive 
Hàbb channel
à Large statistical 
uncertainties at extreme pT

Phys. Lett. B 816 (2021) 136204

…more details in S.Hirose's talk on Tue.

https://link.springer.com/article/10.1007%2FJHEP12%282020%29085
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-010/
https://www.sciencedirect.com/science/article/pii/S0370269321001441?via%3Dihub
https://indico.bnl.gov/event/9726/contributions/46355/


+ Higgs-Top Couplings

12.04.2021
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ttH production probes H Yukawa couplings at high masses                             
Challenge: small cross sections, many final state particles and 

background processes with large theory uncertainties

ttH in multi-lepton final states (HàWW, 
Hà𝜏𝜏, HàZZ) measurement (CMS):
4.7𝜎 observed significance
µttH = 0.92± 0.19(stat.)+0.17

�0.13(syst.)

<latexit sha1_base64="kHGM35dJJfqcg0QAE/M+O05bl0M="></latexit>

Multi-lepton final states

arxiv:2011.03652

Elisabeth Schopf, DIS2021

…more details in S.Hirose's talk on Tue.

https://arxiv.org/abs/2011.03652
https://indico.bnl.gov/event/9726/contributions/46355/
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ttH production probes H Yukawa couplings at high masses                             
Challenge: small cross sections, many final state particles and 

background processes with large theory uncertainties

ttH in multi-lepton final states (HàWW, 
Hà𝜏𝜏, HàZZ) measurement (CMS):
4.7𝜎 observed significance
µttH = 0.92± 0.19(stat.)+0.17

�0.13(syst.)

<latexit sha1_base64="kHGM35dJJfqcg0QAE/M+O05bl0M="></latexit>

Multi-lepton final states

arxiv:2011.03652

Elisabeth Schopf, DIS2021

STXS in ttH(bb)

ATLAS-CONF-2020-058

…more details in S.Hirose's talk on Tue.

https://arxiv.org/abs/2011.03652
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/
https://indico.bnl.gov/event/9726/contributions/46355/


+ Higgs-Top Couplings

12.04.2021

21

ttH production probes H Yukawa couplings at high masses                             
Challenge: small cross sections, many final state particles and 

background processes with large theory uncertainties

ttH in multi-lepton final states (HàWW, 
Hà𝜏𝜏, HàZZ) measurement (CMS):
4.7𝜎 observed significance
µttH = 0.92± 0.19(stat.)+0.17

�0.13(syst.)

<latexit sha1_base64="kHGM35dJJfqcg0QAE/M+O05bl0M="></latexit>

Multi-lepton final states

arxiv:2011.03652

Elisabeth Schopf, DIS2021

STXS in ttH(bb)

ATLAS-CONF-2020-058

CP structure in ttH(𝛾𝛾)

Phys. Rev. Lett. 125, 061802 (2020)

…more details in S.Hirose's talk on Tue.

https://arxiv.org/abs/2011.03652
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802
https://indico.bnl.gov/event/9726/contributions/46355/
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Direct access to Higgs self-coupling strength (𝝀), which 
probes shape of the Higgs potential

Small SM cross sections à Reaches full potential at HL-LHC

bbWW

gg

ττ

ccZZ

bbWW

gg

ττ

ccZZ

Di-Higgs Production

Elisabeth Schopf, DIS2021
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x

=

34%

0.1%

3.5%

12%

2%

𝝀

Careful balance of “high resolution” 
decay channels and BRs

VBF production   
probes HHVV coupling

Di-Higgs 
BRs

C2V



+ HHà𝛾𝛾bb Measurements
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HàbbHà𝛾𝛾

Channel with (current) highest sensitivity to SM HH production 
à Large improvements in sensitivity for full Run-2 analysis 

using machine learning 

àNo significant fluctuation over background 
àSet limits on SM 𝜎(ppàHH)*BR(HHà 𝛾𝛾bb)
àScan full range of m𝛾𝛾bb for XàHH resonances



+ HHà𝛾𝛾bb Measurements
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Channel with (current) highest sensitivity to SM HH production 
à Large improvements in sensitivity for full Run-2 analysis 

using machine learning 

VBF 
category

� · BR < 7.7 ⇥ SM expectation

� 3.3 < � < 8.5

� 1.3 < c2V < 3.5

<latexit sha1_base64="GL95ZgzusBxVbCyHX5u3d1k1jG0="></latexit>

CMS 95% CL limits:

March 2021ATLAS-CONF-2021-016arxiv:2011.12373

� · BR < 4.1 ⇥ SM expectation

�1.5 < � < 6.7

<latexit sha1_base64="p9135O2vkLwkW+/G69tWnd9RrBc="></latexit>

ATLAS 95% CL limits:

ATLAS VBF HHà4b:
arxiv:2001.05178

�0.43 < c2V < 2.56

<latexit sha1_base64="9n5XVBHtFVV8eYzbrqTbLLtLAdY=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFcGNIaqsuXBTduKxgL9CGMJlO2qGTCzMToYSCr+LGhSJufQ53vo3TNgtt/WHg4z/ncM78fsKZVLb9bSwtr6yurRc2iptb2zu75t5+U8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb84e2k3nqkQrI4elCjhLoh7kcsYAQrbXnm4ZltVc7RNSJeVm6ONZSt6oVnlmzLngotgpNDCXLVPfOr24tJGtJIEY6l7Dh2otwMC8UIp+NiN5U0wWSI+7SjMcIhlW42PX+MTrTTQ0Es9IsUmrq/JzIcSjkKfd0ZYjWQ87WJ+V+tk6rgys1YlKSKRmS2KEg5UjGaZIF6TFCi+EgDJoLpWxEZYIGJ0okVdQjO/JcXoVm2nIpVva+Uajd5HAU4gmM4BQcuoQZ3UIcGEMjgGV7hzXgyXox342PWumTkMwfwR8bnD0Zgknw=</latexit>

…more details in L. D’Eramo’s talk on Thu.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/
https://arxiv.org/abs/2011.12373
https://arxiv.org/abs/2001.05178
https://indico.bnl.gov/event/9726/contributions/46352/
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95% CL exclusion limits range: 
from 𝜎*BR<125 fb (low mass)                  
to 𝜎*BR<2.7 fb (high mass)

Heavy Higgs (H/A) Searches

12.04.2021Elisabeth Schopf, DIS2021
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Targeting decays to pairs of vector 
bosons and/or (B)SM Higgs bosons as 

part of extended H sector

heavy Higgs

additional Higgs (mh<mH)

H
IG

-2
0-

01
4

Constraints on masses 
within NMSSM

March 
2021

Hàhhsà𝜏𝜏bb

…more details in J. Carter’s talk on Wed.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-014/index.html
https://indico.bnl.gov/event/9726/contributions/46367/
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95% CL exclusion limits range: 
from 𝜎*BR<125 fb (low mass)                  
to 𝜎*BR<2.7 fb (high mass)

Heavy Higgs (H/A) Searches
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Targeting decays to pairs of vector 
bosons and/or (B)SM Higgs bosons as 

part of extended H sector

heavy Higgs

additional Higgs (mh<mH)

H
IG

-2
0-

01
4

Constraints on masses 
within NMSSM

March 
2021

Hàhhsà𝜏𝜏bb
AàZHàℓℓbb/ℓℓWW

ar
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v.
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g:
20

11
.0

56
39

95% CL exclusion limits range: 
from 𝜎*BR<380 fb (low mass)                  

to 𝜎*BR<6.2 fb (high mass)

…more details in J. Carter’s talk on Wed.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-014/index.html
https://arxiv.org/abs/2011.05639
https://indico.bnl.gov/event/9726/contributions/46367/


+ Heavy Charged Higgs
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H±àWZ

H±±àWW

H+àtb

arxiv:2102.10076
HIG-20-017

Marc
h 

20
21

Charged Higgs Boson as part of 
extended Higgs sector predicted 
in several BSM models
Searches span singly and doubly charged 
Higgs bosons à recent ATLAS search 
also probes pair production of charged H: 
arxiv:2101.11961

Elisabeth Schopf, DIS2021

…more details in J. Carter’s talk on Wed.

https://arxiv.org/abs/2102.10076
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-017/index.html
https://arxiv.org/abs/2101.11961
https://indico.bnl.gov/event/9726/contributions/46367/


+ Exotic Higgs Decays
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Target new undiscovered particles that couple to SM Higgs  
Hàaaàbb𝝁𝝁 (a=spin 0)

3.3𝜎 (local)
1.7𝜎 (global)

AT
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Summary of Hàaa searches

…more details in A. Leopold’s talk on Wed.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-008/
https://indico.bnl.gov/event/9726/contributions/46353/


+ Exotic Higgs Decays
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Target new undiscovered particles that couple to SM Higgs  
Hàaaàbb𝝁𝝁 (a=spin 0)

3.3𝜎 (local)
1.7𝜎 (global)
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Summary of Hàaa searches

H à Dark 
Matter

ATLAS: 
BR(Hàinvisible) < 11% at 95% CL

ATLAS-CONF-2020-052

CMS ZH(invisible) Run-2:
BR(Hàinvisible) < 25% at 95% CL
Eur. Phys. J. C 81 (2021) 13

…more details in A. Leopold’s talk on Wed.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-08739-5
https://indico.bnl.gov/event/9726/contributions/46353/


+ Summary
n LHC Run-2: excellent data-sets for Higgs boson physics in 

ATLAS and CMS 

n Unprecedented precision
n Measurement of Higgs mass/CP, differential distributions/STXS
n Evidence for rare decays
n Pushing limits on SM HH

n Vast programme of BSM searches in the Higgs sector

n (so far) Everything consistent with SM

n We expect much more data to come during LHC Run-3
and HL-LHC operations à Stay tuned!
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Thank you for your attention!
For more details and exciting LHC Higgs results at DIS2021
check out the talks referenced in the various slides as well as:

Where do we go from here? à
“Future Physics Prospects with the CMS Detector at the High-Luminosity LHC” – CONOR HENDERSON
“Prospects for Higgs and di-Higgs measurements at the ATLAS experiment” – ALESSANDRA BETTI
“Higgs physics at the LHeC and the FCC-eh” – UTA KLEIN
“Prospects for Higgs Physics at the HL-LHC”  - CORRINNE MILLS
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+ Higgs Boson Mass
Measurement broken down into 
each analysis channel
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ATLAS HàZZ full Run-2

CMS HàZZ+𝛾𝛾 Run-1 + 2016 data

ATLAS HàZZ+𝛾𝛾 Run-1 + 2016 data

HIG-19-004

ATLAS-CONF-2020-005

arxiv:1806.00242

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/
https://arxiv.org/abs/1806.00242


+ Higgs Boson Mass: 
Uncertainties
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HIG-19-004

ATLAS-CONF-2020-005

CMS HàZZ+𝛾𝛾 Run-1 + 2016 data

ATLAS HàZZ full Run-2

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/


+ CP Structure
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Decay planes in 𝜏𝜏àpions decays

HIG-20-006CMS NB: data dominated by background events!

arxiv:2004.04545

Purely CP-odd H already excluded but admixtures still possible

tH/ttH(𝛾𝛾): mixing angles >43º excluded at 95% CL (ATLAS)

Hà𝜏𝜏: mixing angle =4±36º at 95% CL (CMS) 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html
https://arxiv.org/abs/2004.04545


+Hà𝝁𝝁 additional information
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CMS ggF categorization BDT

Similar BDTs used in VH and ttH

CMS sensitivity per channel

ATLAS results per channel

Machine learning 
categorization used in 
ATLAS as well

ATLAS FSR recovery

arxiv:2009.04363
arxiv:2007.07830

https://arxiv.org/abs/2009.04363
https://arxiv.org/abs/2007.07830


+Hàℓℓ𝛾 additional information
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Multivariate discriminator to distinguish 
merged 𝛾àee from single electrons and jets 
using shower shape, track, kinematic 
information as well as information from the 
transition radiation tracker 

Selection efficiency for merged 
𝛾àee candidates

Result per analysis channel

arxiv:2103.10322

https://arxiv.org/abs/2103.10322


+Hàcc Searches
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Searches with partial Run-2 data 
(2015+2016)
Target VH production 
Challenge: ID c-jets

ATLAS c-jet tagging efficiency

ATLAS 95% CL limits:
𝜎(ppàZH)*BR(ZHàℓℓcc) < 110 SM expectation

arxiv:1802.04329

CMS c-jet tagging efficiency

CMS results
arxiv:1912.01662

ZHàvvcc

WHàlvcc

ZHàllcc

https://arxiv.org/abs/1802.04329
https://arxiv.org/abs/1912.01662


+ STXS Categories
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Categorisation for STXS 
measurements in various Higgs 
production channels



+ Differential 
Distributions 
additional 
information
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ATLAS HàZZ probed 
distributions

CMS HàZZ STXS

arxiv:2004.03969
arxiv:2103.04956

https://arxiv.org/abs/2004.03969
https://arxiv.org/abs/2103.04956


+ CMS: Combination and EFT 
Limits
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EFT coupling modifier limitsHIG-19-005

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html


+ ATLAS: EFT Combination 
Eigenvectors
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Building combinations of coupling coefficients (eigenvectors) to 
constrain multiple operators at once

ATLAS-CONF-2020-053

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/


+ ATLAS: EFT Combination
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ATLAS-CONF-2020-053

Impact of coupling 
modifier 
combinations on 
STXS bins

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/


+HàWW additional information
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CMS VH(WW) CMS ZH multivariate discriminant

ATLAS STXS uncertainties

ATLAS-CONF-2021-014

HIG-19-017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-017/index.html


+ VH and VBF Hàbb additional 
information
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ATLAS VH(bb) impact of uncertainties

VBF Hbb categorization ANN output

VBF full hadronic and photon 
tagged combination

VBF full hadronic
uncertainties

arxiv:2011.08280

arxiv:2007.02873

https://arxiv.org/abs/2011.08280
https://arxiv.org/abs/2007.02873


+Hàbb at High pT
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CMS double bb resonance 
ID efficiency

CMS ggF signal strength in pTH bins

ATLAS inclusive Hàbb: contribution of 
different Higgs production channels

arxiv:006.13251

ATLAS-CONF-2021-010

https://arxiv.org/abs/2006.13251
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-010/


+ ttH additional information
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ATLAS ttH(bb) impact of uncertainties

ATLAS ttH(bb) multivariate discriminant

CMS ttH multi-lep. results 
per analysis channel

CMS ttH multi-lep. targeted final states

CMS ttH multi-lep. is 
stat. limited; second 

largest source of 
uncertainty MC norm

ATLAS-CONF-2020-058arxiv:2011.03652

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/
https://arxiv.org/abs/2011.03652


+ Summary of SM HH Searches
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Updated (bbZZ): 
30*SM expectation 

HIG-20-004

arxiv:2011.12373Updated:
7.7*SM expectation 

arxiv:1811.09689

Updated: 4.1*SM expectation 
ATLAS-CONF-2021-016

New analysis added for VBF production
arxiv:2001.05178

Updated: 40*SM expectation 
arxiv:1908.06765

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-004/index.html
https://arxiv.org/abs/2011.12373
https://arxiv.org/abs/1811.09689
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/
https://arxiv.org/abs/2001.05178
https://arxiv.org/abs/1908.06765


+ Lepton Flavour Violating 
Decays and ee channel
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Lepton flavour violating decays
mH = 125 GeV HIG-20-009

March 2021

Hà𝜇𝜏 and Hàe𝜏

SM prediction 
for  BR(Hàee) = 5*10-9

à ATLAS 95% CL limit: 
BR(Hàee) < 3.6*10-4

Phys. Lett. B 801 (2020) 135148

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-009/index.html
https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub


+ Charged Higgs Bosons limits
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H±±àWW

H±±H∓∓àWWWW

H±àWZ

H+àtb

H±±H∓àWWWZ

arxiv:2101.11961

arxiv:2101.11961

arxiv:2102.10076

HIG-20-017HIG-20-017

https://arxiv.org/abs/2101.11961
https://arxiv.org/abs/2101.11961
https://arxiv.org/abs/2102.10076
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-017/index.html

